To calculate and predict soil carbon budget and cycle, it is important to understand the complex interrelationships involved in soil respiration rate (Rs). We attempted to reveal relationships between Rs and key environmental factors, such as soil temperature, using a laboratory incubation method. Soil samples were collected from mature deciduous (MD), mature coniferous (MC), immature deciduous (ID), and immature coniferous (IC) forests. Prior to measure, soils were pre-incubated for 3 days at 25°C and 60% of maximum water holding capacity (WHC). Samples of gasses were collected with 0, 2, and 4 h interval after the beginning of the measurement at soil temperatures of 5, 15, 25, and 35°C (at 60% WHC). Air samples were collected using a syringe attached to the cap of closed bottles that contained the soil samples. The CO 2 concentration of each gas sample was measured by gas chromatography. Rs was strongly correlated with soil temperature (r, 0.93 to 0.96; P < 0.001). For MD, MC, ID, and IC soils taken from 0-5 cm below the surface, exponential functions explained 90%, 82%, 92%, and 86% of the respective data plots. The temperature and Rs data for soil taken from 5-10 cm beneath the surface at MD, MC, ID, and IC sites also closely fit exponential functions, with 83%, 95%, 87%, and 89% of the data points, respectively, fitting an exponential curve. The soil organic content in mature forests was significantly higher than in soils from immature forests (P < 0.001 at 0-5 cm and P < 0.005 at 5-10 cm) and surface layer (P = 0.04 at 0-5 cm and P = 0.12). High soil organic matter content is clearly associated with high Rs, especially in the surface layer. We determined that the incubation method used in this study have the possibility for comprehending complex characteristic of Rs.
INTRODUCTION
Soils contain substantially greater carbon (1,500 Pg C) than either terrestrial vegetation (550 Pg C) or the atmosphere (780 Pg C) and are the major carbon pool in terrestrial ecosystems (Schlesinger and Andrews 2000, Houghton 2003) . Carbon stored in the soil is released through soil respiration rate (Rs), and comprises about 70% of the total ecosystem carbon-cycle (Granier et al. 2000) .
With increasing global atmospheric CO 2 concentration, the characterization of Rs responses through time and space is becoming increasingly important. The Rs integrates all components of soil CO 2 production, including the respiration of soil organisms and plant roots, as
MATERIALS AND METHODS

Soil sampling sites
Mature forest sites
Soil samples were taken from the the Gwangneung Experimental Forest at the Korea Forest Research Institute, in Gyeonggi-do, Korea (37°45´25.37˝ N, 127°9´11.62˝ E). This area is a well-preserved forest in the cool-temperate zone of Korea. The vegetation consists of old-mature deciduous forests (MD, found at 340 m above the sea level) that were approximately 120 years old at the time of soil collection and mature coniferous forests (MC, found at 110 m above the sea level) that were approximately 80 years old at the time of soil collection. Both types of forests have been protected using forest management activities from human disturbance. The primary species in the MD were Quercus serrata and Carpinus laxiflora, while the dominant species in the MC was Abies holophylla. The annual mean air temperature at both sites is 11.3°C with an annual mean precipitation of 1,365 mm.
Immature forest sites
Soil samples were taken from the Experimental Forest of Konkuk University at Chungcheongbuk-do, Korea (lat. 36°56´ N, long. 127°50´ E). This site contains an immature coniferous forest (IC, found at 355 m above the sea level) with Pinus koraiensis that was planted in 1985, approximately 25 years before sample collection. The immature deciduous forest (ID, found at 340 m above the sea level) site was about 20 years old at the time of soil collection and was dominated by Quercus acutissima and Quercus serrata. The annual mean air temperature at both sites is 11.2°C with an annual mean precipitation of 1,188 mm.
Soil sampling and analyzing
Two sub-samples were collected at depths of 0-5 cm and 5-10 cm at each of the 12 plots (3 from each site) using a soil core collector (5 cm diameter, 5.1 cm height, stainless steel) on 13 October 2006. During core sampling, we avoided large surface roots and areas with comparatively high amounts of litter. A total of 6 sub-samples were taken at each site, and were combined into one composite sample for analysis.
We collected additional soil samples near the steel core at 0-5 and 5-10 cm, to measure Rs. These soil samples were packed in a plastic zipper bag and transported to the laboratory, where they were stored in the refrigerator at 4°C. To adjust 60% soil water content (SWC) of maxiwell as the decomposition of organic matter. Rs is related to various environmental factors such as soil temperature, soil moisture, and plant phenology etc. To identify the dominant factor in variation of Rs and to parameterize carbon cycling models, the various components must be separated and their individual responses to numerous environmental conditions understood.
To calculate and predict soil carbon budgets and cycles, sophisticated parameters that indicate the relationships between each factor are required. Additionally, long-term datasets of Rs that are related to various environmental factors are needed. However, Rs is very complex due to the interactions between several environmental factors and it is difficult to evaluate and understand these relationships under field conditions (Lee 2011).
Rs is strongly related to soil temperature and moisture, and previous researchers have sought to establish a relationship between Rs, soil temperature and soil moisture (e.g., Singh and Gupta 1977 , Schlentner and Van Cleve 1985 , Carlyle and Than 1988 , Mo et al. 2005 . However, the results of these attempts contain some uncertainty due to the complexity of the interrelationship between Rs and the environmental factors that were investigated.
To uncover patterns in these complex interrelationships, some scientists have collected long-term datasets using automatic systems. In Korean temperate ecosystems, Suh et al. (2006) and Lee et al. (2009) used automatic measurement systems to measure Rs and determined that Rs was significantly correlated with soil temperature and air temperature. However, even though they used automatic systems, much effort was required to maintain the systems, and a long period of data collection was required to adequately analyze the relationships between Rs and field conditions. To understand the relationship of key environmental factors and Rs, controlled in vitro experiments are needed in combination with field measurements. Laboratory experiments help to characterize various environmental impacts on Rs (Suh et al. 2009 ). The simpler datasets allow for a clearer understanding of the relationship between Rs and key environmental factors such as temperature, moisture, and organic matter content (OMC), litter quality, and C/N ratio to name a few.
In this study, we explored the relationships between Rs and the soil temperature using a laboratory incubation method. We evaluated the applicability of this incubation method to the understanding of Rs characteristics. We then examined changes in Rs that occurred in response to different temperature conditions.
